Reproductive hormonal factors may have a potential role in cutaneous melanoma. This study estimated the risk of melanoma in women related to self-reported changes in nevi during pregnancy, while using oral contraceptives and/or hormone replacement therapy. Trained interviewers administered a questionnaire obtaining information about oral contraceptive use, hormone replacement therapy, reproductive history, sun exposure, occupation, and medical history from 318 Caucasian women newly diagnosed between 1991 and 1992 from two pigmented lesion clinics in San Francisco, California, and Philadelphia, Pennsylvania. A total of 395 frequency-matched control participants were recruited from hospital-affiliated outpatient clinics. Clinicians conducted skin examinations to assess the number and type of nevi, extent of freckling, solar damage, and skin type. For women aged less than 55 years, there was an association between a livebirth 5 years before diagnosis (odds ratio ¼ 2.6, 95% confidence interval: 1.3, 5.3) and between number of births and melanoma risk (for 3 births: odds ratio ¼ 3.3, 95% confidence interval: 1.7, 6.5; p trend < 0.001). Changes in nevi during recent pregnancies were a risk factor for melanoma, based upon small numbers (odds ratio ¼ 2.9, 95% confidence interval: 1.1, 8.1). Oral contraceptive use and hormone replacement therapy were not associated with melanoma risk.
Striking differences in age-specific patterns of cutaneous melanoma incidence between women and men have suggested modulation of melanoma risk by sex (1, 2) . Exogenous hormone use (oral contraceptives (OCs) and hormone replacement therapy (HRT)) and repro-ductive factors have been investigated in multiple studies (3) . Although variations in estrogen and progesterone levels have been the primary focus of investigations of these differences, behavioral patterns also may play a role (4) .
A majority of case-control studies, including a metaanalysis (3) , concluded that OC use is unlikely to increase a woman's risk for melanoma (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) , although other studies have reported associations between melanoma and some exogenous hormone use (1, 9, 19, (21) (22) (23) (24) . Epidemiologic studies using indicators of endogenous hormonal variation, such as number of children, age at menarche or menopause, and age at first birth, also have shown mixed results for melanoma risk (9, 12-14, 17, 20, 21) , and multiple case reports of skin changes or melanoma occurring during or shortly after pregnancy have been published (25) (26) (27) . The purpose of the present analysis was to address the role of reproductive factors and exogenous hormone use in the etiology of melanoma.
MATERIALS AND METHODS
This case-control study recruited women from referral centers in the San Francisco Bay area, California (48 percent), and Philadelphia area, Pennsylvania (52 percent), to examine factors associated with melanoma risk. Detailed study methods have been published (4, (28) (29) (30) (31) (32) and are summarized briefly below. The project was approved by the institutional review boards of the National Cancer Institute, Bethesda, Maryland; Westat, Inc., Rockville, Maryland; University of California San Francisco, San Francisco, California; and University of Pennsylvania, Philadelphia, Pennsylvania.
Eligible study participants included Caucasian women between 20 and 79 years of age with incident, invasive cutaneous melanoma diagnosed between January 1, 1991, and December 31, 1992. Patients were examined at the Pigmented Lesion Clinic at the Hospital of the University of Pennsylvania (Philadelphia, Pennsylvania) or at the Melanoma Clinic of the University of California San Francisco (San Francisco, California). Patients were enrolled in the study at their initial evaluation related to their index melanoma diagnosis. All diagnoses were confirmed by histologic review (W. H. Clark, D. E. Elder, R. W. Sagebiel). After exclusions (nine women with a previous melanoma and four non-Whites), 318 women met the case definition. A total of 395 frequency-matched (age, race, geographic study location) control participants were recruited from outpatient clinics with catchment areas similar to the melanoma clinics at the University of California San Francisco and University of Pennsylvania (28, 29) . No pregnant women were enrolled.
After obtaining written, informed consent, trained staff conducted interviews in English that lasted approximately 45 minutes and included participants' history of sun exposure, occupation, residence, medication use, including OC and HRT use, reproductive life, and family history of melanoma.
We inquired about changes in nevi during each pregnancy among women who had been pregnant in the past 5 years, during the use of OCs, or during the use of HRT for any reason. Participants were asked if there had been changes in the number or appearance of any moles; whether new moles had appeared; and whether existing moles had become darker, larger, or more irregular in outline, had disappeared, or had been removed by a physician. Recall of these events during pregnancy was elicited from women who had been pregnant only during the previous 5 years to minimize recall bias. Each participant's examiner recorded the number of nevi greater than 2 mm in size by categories of different sizes, the number of dysplastic nevi, freckling pattern, skin color, and solar damage.
Expert senior examiners confirmed the dysplastic nevus status for each participant. Pairwise agreement among expert clinicians occurred, on average, 87 percent of the time (29) . Lesions not agreed upon by examiners were not counted as dysplastic nevi but were deemed indeterminate (29) .
We evaluated a variety of recognized clinical, phenotypic, and sun exposure risk factors for model inclusion. Atypical nevi, freckling, and education were risk factors for melanoma in earlier analyses of these data (29) . However, family history, phenotypic features, and sun exposure factors were not confounders for primary variables in this report. Unless otherwise stated, statistical models include categorical variables for age group (<55, 55-64, 65 years), educational level (less than high school, post-high school, and college graduate), study location (San Francisco, California, or Philadelphia, Pennsylvania), confirmed dysplastic nevus status (absent vs. present), total number of nevi (0-100 or >100), and extent of freckling (none to few or moderate to extensive). Persons with no or indeterminate clinically dysplastic nevi were categorized as having no dysplastic nevi, and persons with histologic evidence but no clinical evidence of dysplastic nevi and those with one or more clinically verified dysplastic nevi were categorized as having dysplastic nevi (29) . The ''ever pregnant'' category included women who did not give birth.
The referent group in analyses for exogenous hormone use (OCs and HRT) was women who reported never having taken exogenous reproductive hormones. For OC and HRT use, restricting analyses to women aged 55 years or more showed little difference from the analyses with all ages combined; thus, no stratification by age is presented for OC or HRT use. Total reproductive life was computed as the duration of menstruation minus the duration of OC use (if any). For menopausal women, the duration of menstruation was computed from the age at first period to the age at last period. For premenopausal women, the duration of menstruation was computed from the age at first period to the age at interview.
Odds ratios with 95 percent confidence intervals were computed with SAS, version 8.2, software (SAS Institute, Inc., Cary, North Carolina) to estimate the relative risk of melanoma (hereafter called ''risk'') by use of logistic regression models while controlling for confounding variables. Odds ratios are not presented for cells with fewer than five observations. A significance level of 0.05 (two sided) was used for all tests. Skin changes were assessed in separate models that included stratum-specific estimates for no exogenous hormone use, use with no skin changes, and use with skin changes for OCs and HRT. This same paradigm applied to analyses of skin changes during pregnancy. Study participants with unknown parameters for any factor in the multivariate model were excluded from analyses. All histologic types of melanoma were combined, because no differences by histologic type were found.
RESULTS
Seventy-seven percent of cases were diagnosed with superficial spreading melanoma, 12 percent with nodular melanoma, and 11 percent with a mixture of other melanoma types. Four cases did not have the melanoma subtype avail-able. There were no significant differences between cases and controls by age, study location, or education, except that more controls than cases had graduated from college. More cases than controls had dysplastic nevi, total nevi, freckling, light hair and eyes, and total number of sunburns. More controls than cases reported ever having been pregnant (table 1). There were no differences in the mean values between cases and controls by age at menarche or menopause, age at first or last use of either type of exogenous hormones, duration of use or time since use for OCs or HRT, or age at first or last pregnancy (table 2) . Twenty-three percent of cases and twenty-three percent of controls reported never having used exogenous hormones of any kind.
Sixty-five percent of cases and 60 percent of controls reported a history of OC use, whereas 19 percent of cases and 25 percent of controls reported any HRT use. The odds ratios showed no significant associations between melanoma and ever/never OC use, duration of OC use, age at first use, years since first and last OC use, and calendar year of first OC use. The majority of women reported OC use after 1970. The odds ratios for the association between melanoma and ever/never HRT use, duration of HRT use, age at first HRT use, and years since first and last HRT use were inverse and had confidence limits that overlapped unity.
Odds ratios for the use of OCs and/or HRT use were consistently elevated in relation to a history of changed appearance of nevi (larger, darker, or more irregular), development of new nevi, and having had nevi removed by a physician, although cell sizes for these comparisons were small (table 3) . Duration of use (years) 5 5
Years since first use 19 19 Hormone replacement therapy use Age at first use (years) 46 47
Duration of use (years) 7 7
Years since first use 12 11 Pregnancy and reproductive factors
Age at menarche (years) 13 13 Age at first livebirth (years) 25 25 Age at last livebirth (years) 30 30 Years since last livebirth 20 24 Age when ovaries (or last ovary) removed (years) 44 43
Age at menopause (years) 46 46 * There were 23 percent of cases and 23 percent of controls that reported never having used exogenous hormones of any kind.
Women with melanoma were more likely to have been pregnant compared with controls (odds ratio ¼ 1.7, 95 percent confidence interval: 1.0, 2.6) (table 4). The timing of pregnancy, whether 5 years or less or more than 5 years before diagnosis or interview, conferred an elevated odds ratio among women aged less than 55 years when compared with women who never had been pregnant. In parous women, risk of melanoma increased with an increasing number of livebirths, nearly tripling with two or more livebirths (p trend < 0.001) and increasing more than threefold in women aged less than 55 years at diagnosis. There was no effect of parity in women aged 55 years or more at diagnosis. Among women who were aged less than 55 years at diagnosis, having a livebirth within the last 5 years conferred a 2.6-fold higher risk than no previous livebirth. The total years of reproductive life were not associated with risk.
Women with melanoma who had been pregnant 5 years before diagnosis or interview reported change in the number or appearance (larger, darker, or more irregular) of existing nevi, and they reported the appearance of new nevi (table 5) . However, the numbers were small, and confidence intervals were correspondingly wide.
DISCUSSION
These data indicate that pregnancy and an increasing number of livebirths were associated with an elevated risk of cutaneous melanoma before the age of 55 years. There were suggestive findings based on small numbers that nevus changes and pregnancy within the 5 years prior to melanoma diagnosis were associated with increased risk. Some nevus changes were related to exogenous OC and HRT use and melanoma risk. Although these parity results are not consistent with those from some previous studies (8-10, 12-14, 16, 17, 19, 20, 33) , few of the earlier studies had adequate numbers to restrict analyses to women aged less than 55 years at diagnosis and pregnancy within 5 years prior to diagnosis. Further, some of the inconsistencies among previous studies may be related to geographic and temporal factors in reproductive behavior.
Our results suggest that changes in nevi during pregnancy may identify a group of women at increased risk of melanoma. The changes in nevi include the ''A,'' ''B,'' ''C,'' ''D,'' and ''E'' warning signs for melanoma, such as ''A'' for asymmetry, ''B'' for irregular borders, ''C'' for color changes, ''D'' for increases in size or diameter, and ''E'' for evolution over time (34) . Our results support the suggestion that nevus changes should be tracked during pregnancy in high-risk women. It is biologically plausible that pregnancy would be causally related to pigmentation and growth of nevi. Levels of melanocyte-stimulating hormone that stimulate the production of melanin and related pigmentation increase during pregnancy. A burst of melanocytestimulating hormone production primarily during the first trimester may increase cell division. Growth hormone, also elevated, can activate the melanocyte-stimulating hormone signaling pathway, intensifying the effect.
Pregnancy status may allow clinical expression of previously damaged melanocytes and their clonal progeny (35) , possibly through the immunosuppression that permits tolerance of the fetus. Our results that higher risk of melanoma during recent pregnancy correlated with increasing number of children may be related to sunlight exposure during maternal outdoor activity with her other children.
In studies presenting clinical cases, changes in the appearance of nevi have been documented during pregnancy (26, 27, 36, 37) . In an earlier observational study that assessed skin changes during pregnancy, the authors found no increased effect on melasma of the face or nonfacial areas of the skin during pregnancy (16) . Our results are consistent with these earlier results.
Whereas the number of cases and controls and detailed phenotyping are major strengths of this study, there are possible limitations. Since this study was clinic based, it may not necessarily be representative of the general population (29) , and some residual confounding may exist. Small cell sizes generated by cross-classification of nevi changes and exogenous hormone use resulted in wide confidence intervals that overlapped unity. The exogenous reproductive hormone use and nevus changes reported while using OCs y Adjusted for age group (<55, 55 years), extent of freckling, and dysplastic nevus status. z Referent group is women who reported never having been pregnant. § -, odds ratio not presented for cells with fewer than five observations. { Adjusted for age group (<55, 55 years), extent of freckling, and dysplastic nevus status plus total number of nevi. and/or HRT may be differentially recalled in cases and controls, resulting in the potential for bias. However, we found no consistent differences between cases and controls. Since skin assessment was restricted to pregnancy within 5 years of diagnosis, recall bias was minimized.
OC use does suggest a possible elevated risk among a small proportion of women who reported a changed appearance of nevi or development of new nevi. Careful examination and further research are warranted on this smaller subgroup. Results further suggest that pregnancy may be a marker for a modest elevation of melanoma risk, especially in multiparous women. These findings should serve as a reminder that women (and their partners) should do regular skin self-examination to detect changing or otherwise suspicious pigmented lesions.
